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The invention is a communication method 
with the equipment belonging to it and its aim is 
to increase the number of users in a network or 
cell. Data is transmitted by the method by using 
a combined CDMA/TDMA or TDMA/CDMA mul- 
tiple use whereby complementary code sets 
(complete orthogonal codes or non-interacting 
codes) are used as spreading codes. In the 
applications of the method to existing or plan- 
ned TDM A systems, a CDMA part is added to 
them, by which a spreading coded CDMA multi- 
ple access is used in every time slot of the 
TDMA frame, in said way, to increase the num- 
ber of users. The described method does not 
require any power control methods, nor any 
multiple access interference cancelling 
methods to increase network or cell capacity. 
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The invention relates to a method for radio tele- 
phone communication. The invention also relates to 
corresponding communication equipment or system 
for implementing the method. 

In principle, for a multiple access communication 
in a radio channel there are three kinds of methods: 
the FDMA, the TDMA and the CDMA multiple access. 
The CDMA method has been made possible by the 
development of the spread spectrum technique. The 
spread spectrum technique has many known advan- 
tages as compared with the traditional communica- 
tion methods. One of the fundamental reasons for us- 
ing CDMA in civil communication (e.g. in mobile cel- 
lular network) is the frequency efficiency. 

As communication needs have increased there 
has been a corresponding increase in the number of 
users which is a problem in mobile systems. The con- 
struction of totally new systems and the infrastruc- 
tures required by them (base stations, exchanges, 
etc) to overcome these problems is expensive, thus 
one alternative has been proposed which is to widen 
the capacities of the existing systems by some addi- 
tional characteristics. It is, for instance, possible to 
design "on" - or "in" - the digital TDMA systems (as 
GSM and DECT) to introduce some CDMA character- 
istics, whereby the number of the users of the TDMA 
system can be increased to a total capacity that is 
possible to reach by the CDMA systems. Thus the 
system would be a combination of all the multiple ac- 
cess methods, its implementation would be carried 
out through evolution and its infrastructure would be 
less expensive. 

In the following, the basic factors connected with 
the CDMA are discussed. In the CDMA system, every 
user has a specific spreading code by which the 
users are separated from each other. In an ideal 
case, the spreading codes are orthogonal in relation 
to each other. It is thus possible to demodulate from 
the received signal the symbols transmitted by every 
user by matched filters according to the spreading 
codes. In the ideal case when the codes are com- 
pletely orthogonal, samples taken from the output of 
the filters include only data from the signal which is 
to be detected, and is owned by the desired user. In 
an ideal system it is completely linear and synchron- 
ous and where the spreading codes are orthogonal, 
between the different multiple access methods 
(FDMA, TDMA CDMA) there are no differences, as 
far as the spectrum efficiency is concerned. In prac- 
tice, however, no system is completely ideal in all con- 
ditions. This is why the choice of the multiple access 
method is significant For instance, in the mobile ra- 
dio channel the CDMA system has many advantages: 
there is less intersymbol interference (1SI) between 
the symbols than in the narrow band systems, fading 
will decrease and a narrow band system can operate 
within the same frequency range as an overlay sys- 
tem with a CDMA system. A! so the above mentioned 



spectrum efficiency - or, using another interpretation, 
the channel capacity - will be enhanced. 

In practice, in the CDMA system the signals from 
different users propagate from the transmitter to the 

5 receiver along a distance that is different for every 
signal. Thereby the signals will be delayed in the 
channel by delays of different length and reach the 
receiver during different code phases. Furthermore, 
different users transmit independently from each 

10 other which, in addition to the channel influence, 
causes phase randomness in the received signal. 
Due to the fact that the orthogonality of thespreading 
codes is (in general) not possible for all the values of 
the delays, some influence of the cross-correlations 

15 between the signals of other users is seen, in addi- 
tion to the autocorrelation function of the desired sig- 
nal, in the outputs of the matched filters to the 
spreading codes. Thus different users interfere with 
each other. The created interferences are called mul- 

20 tiple access interferences. 

In cellular mobile communication, different mo- 
bile phones transmit their signals independently from 
each other, and the signals propagate via different 
paths to the base station. From the base station the 

25 signals to be transmitted to different mobile phones 
can, however, be transmitted simultaneously. The in- 
terfering signals, transmitted by the base station and 
received by each mobile phone, also propagate via 
the same path as the desired signal. Therefore, the 

30 multiple access interferences are only particularly 
significant when detecting signals transmitted by dif- 
ferent mobile phones at the base station. 

The non-orthogonality of the spreading codes is 
a basic problem that weakens the performance of a 

35 practical CDMA system. The different propagation 
path lengths of the signals also cause differences in 
the received power levels. This situation arises e.g. 
when several mobile phones transmit their signals to 
one and the same base station: the signal, from the 

40 mobile phone which is nearest to the base station is 
stronger than signals from more distant locations 
when received at the base station. A strong signal dis- 
turbs detection of weaker signals. The problem is 
known as the near-far- problem. In mobile phone tel- 

45 ecommunication the near-far-problem is significant 
particularly when detecting signals from different 
mobile phones at a base station. 

In the CDMA system there would be no near-far- 
problem, or multiple access disturbances generally, if 
so the spreading codes were accurately orthogonal. 
Therefore, attempts have been made to solve the 
problem by generating code families with as little 
cross-correlation as possible between code mem- 
bers. The multiple access disturbances in the CDMA 
55 system cannot in all situations be eliminated through 
code design, they can only be reduced; the exception 
being a system with known delays. 

When the difference between the power levels of 



2 



3 EP 0 600 713 A2 4 



two signals is large, even a minor cross-correlation 
between the desired and the interfering signal caus- 
es a major interference in the detection of a weak sig- 
nal. This problem can be alleviated by lowering the 
transmission level of the strong interfering signal so 
that the received power levels of the desired and the 
interfering signals are of the same order. This method 
is called power control. Power control is a straightfor- 
ward, conventional way to decrease multiple access 
interferences. The problem in such power control 
techniques is that the method measures average 
transmission powers, leading to a worse signal-to- 
noise ratio and to an increase in the bit error rate. 
Thus, power control may result in suff icient degrada- 
tion of a signal so as to annul its beneficial influence. 

The interferences created by users between 
each other can also be decreased by signal detection 
methods. These methods are called multiple access 
interference cancelling methods. When there is only 
one user in the spread spectrum system, or when the 
spreading codes in a CDMA system are orthogonal, 
the received signals in a noisy channel can be detect- 
ed in relation to the bit error probability in an optimal 
way, using matched filters to the spreading codes. 
When the spreading codes are non-orthogonal there 
are better detection methods than the one mentioned 
above. In CDMA system signal detection studies it 
has long been assumed that multiple access interfer- 
ences could be accurately approximated as Gaussian 
random processes, and that therefore the matched 
filter and the memoryless detector of the spreading 
codes could form an optimal receiver in an ideal 
channel. However, this assumption is not valid in a 
practical situation. 

In practice, a non-ideal cross-correlation func- 
tion between the codes of different users is detri- 
mental to the operation of the individual receivers as 
well. It makes both acquisition and tracking of the 
code synchronisation of the receiver difficult. Re- 
spectively, the deviation of the code autocorrelation 
function from the ideal impulse- like autocorrelation 
causes problems in code acquisition and tracking, 
and in a fading multipath channel, in particular. 

Therefore there are no spreading codes to create 
ideal characteristics in all practical situations. By an 
ideal characteristic is meant the impulse-like charac- 
teristic of the code autocorrelation function, whereby 
it has the top level in relation to length at zero delay 
value and its sidelobes are zero at all other delay val- 
ues. Regarding the CDMA multiple use, it is required 
that the cross-correlation function between the 
codes in a code set is zero at all possible delay values 
(completely orthogonal codes) and not only at zero 
delay. 

There is a set of spreading codes with which de- 
sired ideal features can be obtained by certain condi- 
tions. This kind of a code set comprises complemen- 
tary codes or sequences. These are characterized by 



the fact that one single code in the code set is formed 
by several (equally long) members, the sum of the au- 
tocorrelation functions of which is ideally impuise-li- 
5 ke. Each CDMA user code is built by the members of 
the code set so that the sum of the mutual cross- 
correlation functions is zero at all delay values (non- 
interacting or completely orthogonal codes or code 
sets). The formation of spreading codes has been de- 
10 scribed, e.g., in B.P. Schweitzer, Generalized Com- 
plementary Code Sets, 1971, doctor's dissertation, 
University of California, Los Angeles, USA, 87 pages. 

When putting into practice a communication sys- 
tem where the number of users is K, K complete or- 
15 thogonal codes are required. They are formed by K 
members of a code set, e.g. in the way presented in 
Schweitzer's study. The transmission of the mem- 
bers of the codes of each user requires K orthogonal 
channels where, by combining (summing) the output 
20 signals of the matched filters a situation in a multiple 
access case is reached where the users do not inter- 
fere with each other. For instance in Fig 1 there is a 
case of two users (K=2>. 

Depending on the transmission channel, the or- 
25 thogonal channels are created in many ways. If the 
coherence time of the channel is long enough, one 
transmission channel can be split into K different time 
slots and thus create K orthogonal channels. Re- 
spectively, if the width of the coherence band of the 
30 transmission channel is wide enough, the channel 
can be split into K non-overlapping frequency inter- 
vals whereby the orthogonal channels are created. 
Other orthogonalization possibilities with one chan- 
nel transmission comprise, e.g., the use of the quad- 
35 rature components of the carrier wave (K=2) and the 
use of different polarisation levels or rotation direc- 
tions. 

Fig. 2 shows a two user CDMA system illustrating 
the principles of the application of a complementary 

40 code set e.g. in a cellular network. A cell includes two 
mobiles MS#1 and MS#2 and a base station BS, com- 
prising the receivers for both of the users #1 and #2. 
Ideal characteristics of the complementary code set 
are brought in to use when the radio channel is time- 

45 multiplexed into two orthogonal channels 1 and 2, 
completely independent from each other. The as- 
sumption thereby is that the coherence time T D is 
long enough, regarding the orthogonal signal proc- 
essing required. In a two user system two codes (a 

so code pair) for each user are required. Interferences 
and noise will be summed into the signals in the radio 
channels. In this example, it is assumed that the radio 
channels are ideal. The spreading codes of the users 
#1 and #2 are e.g. selected according to the principles 

55 presented in the Schweitzer study, so that they will, 
at all delay values, form a complete orthogonal code 
pair. The spreading code waveforms of the data sig- 
nal di of mobile MS#1 are s t1 for channel 1 and s 12 for 
the orthogonal channel 2. In the base station receiver 
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#1 there is a filter h^ matched for the code of channel 
1, and h 12 for channel 2. As a principle, by summing 
the output signals R-n and R 12 of the filters an ideal 
detection result d n for the user #1 is derived from the 
summed signal R v Respectively, the spreading 
codes of the mobile MS#2 are s 21 and s^ and the 
matched filters h 2 i and h^. the summed signal R 2 = 
R 21 + R22 of which gives an ideal detection result for 
the user #2 (dj. 

The signals of the base station receivers are dis- 
cussed at a principle level. It is assumed that the data 
signals have been BPSK spreading modulated to the 
carrier wave and the bits are presented as follows: bit 
n 1 - waveform n +" and bit °0° waveform As an 
example, let us assume that the system (K=2) uses 
the following signals (a complementary code pair and 
to it a complete orthogonal pair): the spreading codes 
Sl1 =+++-, s 12 ==++-+ of MS#1, the waveforms S 2 i=+- 
++ . S22~ + — of MS#2. Thus, the impulse responses of 
the matched filters of the base station BS are: receiv- 
er #1 h 11 =-+++ and h 12 =+-++ and receiver #2 h 21 =++- 
+ and h22= — +■ It is assumed in this example that the 
data signals of the users are binary (d-^l", d 2 = w 0") 
and that all gains are normalized as ones. Then MS#1 
transmits the waveform Sh=-h-+- to channel 1 and 
the waveform s 12 =++ - + to channel 2. Respectively, 
MS#2 transmits the waveforms -s 21 =-+— and -s^— 
+++, when the influence of the data bit d 2 on the 
BPSK signal is taken into consideration. 

Fig. 3a shows signals of the base station receiv- 
ers when no interferences nor any noise is summed 
to the transmission signals in the channels, and when 
all the gains are assumed to be ones. The receiver 
gives to both of the users #1 and #2 a waveform that 
resembles an ideal impulse function and from which 
the required data symbol detection can be made. Fig. 
3b illustrates a multiple access situation when the 
spreading signals of user #1 (MS#1) are also arriving 
at the receiver of user #2 (MS#2) and vice versa. The 
aim of this figure is to show that no multiple access 
interferences or n on- interacting arise and no power 
control are needed. 

In a f irst aspect of the invention there is provided 
a method for radio telephone communication com- 
prising, assigning respective groups of radio tele- 
phone users to respective ones of a plurality of ortho- 
gonal radio telephone communication channels, and 
assigning to each user of said groups mutually ortho- 
gonal spreading codes. 

In a second aspect of the invention there is pro- 
vided a system for radio telephone communication, 
comprising means for assigning respective groups of 
radio telephone users to respective ones of a plurality 
of orthogonal radio telephone communication chan- 
nels, and means for assigning to each user of said 
groups mutually orthogonal spreading codes. 

These have the advantages that the number of 
users in a communication network or cell can be es- 



sentially increased, without any power control meth- 
ods or any cancelling methods to be applied to the 
multiple access interferences. 
5 A specific embodiment of the invention will now 

be described, by way of example only, with reference 
to the drawings in which: 

Fig. 1 shows the case already described where 

the number of users is K; 
10 Figs. 2 and 3a, 3b also show the described case 

where there are two users; 

Fig. 4a illustrates the principle of the method ac- 
cording to the invention; 

Fig 4b shows the principle block diagram of the 
15 system according to the invention; 

Fig. 5 shows the signal structure connected with 

the description of the method; 

Fig. 6 shows several signals, respectively, within 

one time slot; and 
20 Fig. 7 shows an example of the way to use the in- 

vention in the GSM system. 

Accordingly, this invention relates to a communi- 
cation method in which data is transmitted in a com- 
bination with both the CDMA and the TDMA meth- 
25 ods, using the generally known modulation methods 
(either coherently, noncoherently, differentially co- 
herently or generally as M-ary symbols), from the 
base station to the user or vice versa. Both the base 
station and the users can be fixed and/or mobile. 
30 Known duplexing methods can be used in the bidir- 
ectional communication. 

Fig,. 4a shows the principle of the method. The 
users of the communication system (L*K) are multi- 
plexed to L TDMA users and K CDMA users so that, 
35 during the time frame T k to be formed from the infor- 
mation of L users, n data bits or data symbols of each 
user are transmitted in their time slots T TOM . During 
each time slotT TOM data (n data bits or data symbols) 
from K other users are transmitted by the CDMA 
40 method, using the complete orthogonal code sets 
(complementary code sets) for spreading the spec- 
trum 

In accordance with the invention there is provid- 
ed equipment for the communication system (Fig. 4b) 

45 or, in case the method is combined with existing 
TDMA systems (such as GSM or DECT), it also com- 
prises a CDMA part providing the orthogonal in- 
crease of the number of users. 

The communication system increases the num- 

so ber of users in a cell (network) so that the signals of 
the users are (as far as possible) orthogonal in rela- 
tion to each other, so that the users will not interfere 
(or are non-interacting) with each other. Users that 
do not interfere with each other are obtained by a 

55 TDMA multiple access, whereto more users are con- 
nected by complete orthogonal code sets (such as 
complementary code sets), using the CDMA multiple 
access. 

The users are broken down into groups that do 
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not interfere with each other, first, by time multiplex- 
ing, and then mutually orthogonal users are added to 
each time slot as a CDMA. Breaking the users down 
to groups that do not interfere with each other can 
also be carried out in reverse order. Then the time 
slot comprising CDMA users does not require any 
network power control methods to solve the near/far 
problem, nor any multiple access interference cancel- 
lation methods, to increase the number of users. If 
the CDMA part would be carried out in a well known 
way it would require at least power control in order to 
avoid the near /far problem. 

The total number of users that do not interfere 
with each other is the number of time slots (L) times 
the number of the CDMA users (K) in a TDMA time 
slot 

The communication link is time synchronized, i.e. 
all users shall know the real time, with a certain un- 
certainty, as presupposed by the TDMA method. The 
time synchronization of the users of the network and 
of the base station can be obtained in well-known 
methods. The accuracy requirement of the time syn- 
chronization is influenced by the maximum value of 
the multipath delay spread (T M ) t the propagation de- 
lay difference (Tr) of the internal signals of the net- 
work (depends on the locations and the relocating of 
the users) and other inaccuracies of timing (Ta). 

Within each TDMA time slot, several other simul- 
taneous additional users transmit data using the 
CDMA method, each using a code set of his own. The 
spreading code sets have been selected so that they 
are complete orthogonal in relation to each other, i.e. 
the cross-correlation between the code sets of the 
users is zero at all delay values, not only at zero delay 
value. This kind of code sets can be formed from the 
known complementary code sets. Then, within a time 
frame, there is no need to have any exact time syn- 
chronization. The duration of the time slot must be 
equal to or shorter than said coherence time (T D ) of 
the transmission channel, in order to enable the for- 
mation the desired combinations of the output signals 
of the matched filters of the members in the code 
sets. 

Fig. 5 shows, as an example, a signal structure 
in one time slot. It is assumed that the availability 
concerns a complementary code set comprising K 

member codes S1, S2 SK and that the length of 

each of them is N bits. From these member codes a 
complete orthogonal spreading code is formed for K 
users, according to known principles. For instance, 
the 

spreading code of a CDMA user #1 comprises the 
members S n 1, S^, S^..., S^, where S,K 
(k=1,2 K) is one of the members S1, S2,..„ SK, de- 
termined by the complementary characteristics. In 
the figure, the signal structure indicates one trans- 
mission burst, whereby n data bits or data symbols 
are transmitted. In the beginning of the burst, the 



data symbols (0, 1 , .... n) following each other are 
spreading modulated in well-known ways by the code 
member The length of this transmission is nNT c 
5 seconds. Then follows a transmission pause the 
length of which is T M + T R + T A seconds. This trans- 
mission pause is used to prevent the signal of the pre- 
vious code member to reach the receiver during the 
following code member, due to the multipath propa- 
10 gation ortiming inaccuracies, because then the influ- 
ences of the cross-correlation between the code 
members would be perceptible in the receiver (it is 
true that the code members are orthogonal between 
themselves but not completely orthogonal at all delay 
15 values). After the transmission pause the data sym- 
bols are retransmitted but now they are spreading 
modulated by the code member and the trans- 
mission is followed by a pause. This is repeated until 
the data symbols have all been spreading modulated 
20 by all of the code members of the user. The sum of 
the times nNT c and T M +T R + T A is indicated by time 
T MUX and it can be utilised in the receiver to change 
the matched filter when the spreading code member 
is changed in the transmission, but its use is not nec- 
25 essary. 

Fig. 6 shows how the method is applied in the 
case where the users MS#1,MS#2, MS#3,and MS#4 
are transmitting by the CDMA multiple use in the 
same TDMA time slot I to the base station BS. The 
30 users can be described with the common way of in- 
dication in figure 4a: #1,1 #1,2 #1,3 and #1,4. In this 
example case comprising four CDMA users, it is pos- 
sible to use the complementary code set S1 =++++, 
S2=+-+-, S3=++— , and S4=+--+. From this the corrv- 
35 plete orthogonal spreading codes for the users can 



be derived as follows: 






#1,1 S 1 1=-Hf++. 


S 1 2=+-+-, 


St 3= 


++-, S 1 4=+-+, 






#1.2 S 2 1 =+-+-, 


S22=++++, 


S 1 3=+» 


+, S 1 4=++— . 






#1,3 S 3 1=++-. 


S 3 2=+-+, 


S 3 3=+ 


+++, S 3 4=+-+-, 






#1,4 S 4 1=+-+, 


S 4 2=++-, 


S 4 3=+-+ 



S 4 4=++++ . 

45 It is assumed that in this example n=116 bits are 

transmitted during the time period Ttd M . The time ref- 
erence used by the base station is also indicated in 
the figure. The time period T MU x can, if desired, be 
also used in the base station receiver for the change 

so of the spreading code members in matched filtering. 

The spreading codes in the time slot shown in 
Fig. 5 can also be considered, in addition to the use 
of the complementary code sets, as an innovating 
way to design the spreading coding entity with trans- 

55 mission pauses (ternary spreading coding). 

The processing gain created in the receiver when 
K matched filtering results are combined, is not need- 
ed to eliminate the interferences caused by the other 
users of the same time slot but only to decrease in- 
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terferencefrom other sources, for instance, to attenu- 
ate transmissions coming e.g. from a neighbouring 
cell where the same code sets are used (there is no 
presupposed synchronization between base sta- 
tions), to eliminate interferences leaking from other 
carrier wave channels and other, especially narrow 
band interferences or jamming. 

The advantage of the communication method de- 
scribed in the invention is the possibility of increasing 
the number of users on the same carrier wave or fre- 
quency channel so that the users do not interfere or 
interact with each other (increasing the network ca- 
pacity). The method can also be applied to existing or 
planned TDMA communication systems, such as 
GSM, DECT and the corresponding North American 
IS-54 orthe TDMA system according to the Japanese 
standard RCR-27. With this method, the network ca- 
pacity might be increased several times and then its 
capacity would match a pure CDMA network. Then 
the method is applicable with the construction of a 
CDMA accessory. 

Fig. 7 shows the GSM system principle as an op- 
erational example of the invention. When about 16.5 
Mbits/s is selected as the bit rate of the code, eight 
other, complete orthogonal users can operate within 
one GSM time slot in a propagation environment 
where the multipath delay spread, the differences in 
propagation delays and in timing accuracy will alto- 
gether be 16 \is. Then 64 users in all can be taken to 
one single carrier wave, or frequency channel. 

Fig. 6 can be used as another application exam- 
ple of another GSM type system. When 3.62 Mbits/s 
is selected as the bit rate in the Fig. 7 propagation en- 
vironment, and with the conditions K=N=4, altogether 
32 users couid be taken on one carrier wave, or fre- 
quency channel. 

Using complementary code sets will mean fur- 
ther advantages connected with single radio links (BS 
MS#n, MS#n BS). From the point-of-view of a 
one user receiver, the ideal characteristics of the 
spreading code autocorrelation function will facilitate 
the acquisition and tracking operations of code syn- 
chronization, as well as RAKE reception. 

In a network or cell, no power control methods 
nor any multiple access interference cancelling meth- 
ods are required to increase their capacities. It is pos- 
sible to use a rough power control, as in the TDMA 
systems, to compensate the propagation attenua- 
tions, due to the mobile stations locating at different 
distances from the base station. 

In view of the foregoing description it will be evi- 
dent to a person skilled in the art that various modi- 
fications may be made within the scope of the inven- 
tion. 

The scope of the present disclosure includes any 
novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisa- 
tion thereof irrespective of whether or not it relates to 



the claimed invention or mitigates any or all of the 
problems addressed by the present invention. The 
applicant hereby gives notice that new claims may be 
formulated to such features during prosecution of this 
application or of any such further application derived 
therefrom. 



10 Claims 

1. A communication method especially for cellular 
mobile communication, characterized in that a 
combined CDMA/TDMAorTDMA/CDMA multiple 
15 access is used and that in the CDMA part com- 

plementary code sets or complete orthogonal 
codes between the users are used as spreading 
codes. 

20 2. A method according to claim 1, characterized in 
that in each case a transmission burst is trans- 
mitted, comprising a certain number of data bits 
or data symbols, to be spreading modulated by 
one code member (S n 1), after which a transmis- 

25 sion pause follows, next burst is transmitted, 

modulated by another spreading code (S n 2), or- 
thogonal in relation to the preceding one, after 
which another transmission pause follows, a.s.o. 

30 3. A method according to claim 2, characterized in 
the fact that the length of the transmission pause 
is T M + T R + T A , where 
T M is the so-called multipath delay spread, 
T R is the signal propagation delay difference 

35 within the network or cell, and 

T A is the inaccuracy of the time synchronisation 
of the users. 

4. Amethod according the claim 3,characterized in 
40 that the total time (Tmux) belonging to the spread- 
ing modulation of the transmission burst by all of 
the code set, including the transmission pauses, 
is used to change the spreading code members 
in the base station receiver and, respectively, to 

45 change the matched filter in the mobile station 

receiver. 

5. A communication system, particularly for cellular 
mobile communications, characterized in that 

so the transmission side comprises, connected to 

each other, the TD MA/CDMA or CDMA/TDMA 
blocks, and the receiving side, respectively, the 
CDMA/TDMA or TDMA/CDMA blocks. 

55 6. A communication system, characterized in the 
fact that it has been carried out by constructing 
an additional CDMA accessory to the existing 
TDMA communication system. 
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7. A method for radio telephone communication 
comprising, 

assigning respective groups of radio tele- 
phone users to respective ones of a plurality of 5 
orthogonal radio telephone communication 
channels, and 

assigning to each user of said groups mu- 
tually orthogonal spreading codes. 

8. A method for radio telephone communication ac- 
cording to claim 7 t wherein the orthogonal 
spreading codes comprise complementary code 
sets. 

15 

9. A method for radio telephone communication ac- 
cording to claim 7 or 8 wherein the orthogonal 
communication channels comprise time division 
multiplexed channels. 

20 

1 0. A method for radio telephone communication ac- 
cording to claim 7 or 8, wherein the orthogonal 
communication channels comprise frequency di- 
vision multiplexed channels. 

25 

11. A method for radio telephone communication ac- 
cording to claim 7 or 8, wherein the orthogonal 
communication channels comprise quadrature 
components of a carrier wave, different polarisa- 
tion levels or rotation directions. 30 

12. A system for radio telephone communication, 
comprising means for assigning respective 
groups of radio telephone users to respective 
ones of a plurality of orthogonal radio telephone 35 
communication channels, and means for assign- 
ing to each user of said groups mutually orthogo- 
nal spreading codes. 
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